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Oral cancer is one of the most common cancer worldwide with about 5,75,000 new cases and 3,20,000 deaths occurring annually.\[[@ref1]\] Oral squamous cell carcinoma (OSCC) is an epithelial neoplasm with altered expression, focal clonal overgrowth of altered stem cells and disruption of normal function.\[[@ref2]\] Visible physical changes at cellular level (atypia) and tissue level (dysplasia) can occur during progression to cancerous state like genetic/epigenetic changes, surface alterations, and intercellular interactions. These "precancerous" changes are of diagnostic and prognostic relevance, driving cells to neoplastic transformation.\[[@ref3]\]

About half of the oral cancers in India have associated precancerous changes, characterized by complex karyotypes with chromosomal deletions, translocations, and structural abnormalities. This instability is contributed to environmental exposure to genotoxins, medical procedures, lifestyle, and genetic changes, reflected either as leukoplakia, erythroplakia, lichen planus, or submucous fibrosis.\[[@ref4]\]

Diagnosis by cytological study of oral cells is nonaggressive and well-accepted, therefore an attractive option. Oral exfoliative cytology is particularly diagnostic for mass screening purposes with a sensitivity, specificity, and accuracy of 94%, 100%, and 95%, respectively.\[[@ref5]\] Genotoxic risks can thus be assessed by indicators like deoxyribonucleic acid (DNA) damage and cytogenic markers, chromosomal aberrations, and sister chromatid exchanges.\[[@ref6]\] Cells often have errors in chromosome segregation, forming a lagging chromosome that becomes lost during anaphase and is excluded from the reforming nuclei. These microscopically visible, round to oval cytoplasmic chromatin masses are observed as micronuclei (MN).\[[@ref7]\]

MN count involves a rapid, efficient, and economical technique, providing a reliable quantitative analysis of the genotoxicity.\[[@ref8]\] Significantly higher MN frequencies have been observed in people exposed to organic solvents, antineoplastic agents, diesel derivatives, polycyclic aromatic hydrocarbons, lead containing paints and solvents, arsenic contaminated drinking water, diet/vitamin deficiencies, smokers, and alcoholics.\[[@ref7]\] The buccal cell MN assay can thus be used as a biomarker of genetic damage in numerous applications.

The aim of the study was to provide a quantitative evaluation of oral mucosal MN frequency as a biomarker for oral cancer susceptibility in oral carcinogenesis progression.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

This study was undertaken to quantitatively analyze and compare MN counts in Papanicolaou (PAP) stained cytological smears. Sixty patients from the Out Patient Department of either gender, any age group, unaffected by diabetes or any other debilitating disease were included. Thirty patients with biopsy proven epithelial dysplasia (ED), and OSCC (15 patients each) comprised the study group. Controls consisted of 30 patients with normal buccal mucosa, reporting for minor surgical procedures. Ethical clearance was obtained for carrying out this study and written informed consent was taken from each participating patient after detailed explanation of procedure.

Exfoliated cells were collected from the affected buccal mucosa after rinsing mouth with tap water, using a clean premoistened wooden spatula and spread on two precleaned slides. Smears were fixed with 95% ethanol & 3% glacial acetic acid (Biofix spray), stained by PAP stain by modified rapid PAP method (Bio Lab Diagnostic) and subjected to microscopic examination. The most commonly used step ladder method was used for screening slides. Five hundred cells with intact nuclei and cell boundaries were counted on each slide. MN were identified and scored according to Tolbert *et al*. criteria.\[[@ref9]\] Baseline frequency was 0.5--2.5 MN/1,000 cells.\[[@ref10]\]

Statistical analysis was done using Statistical Package for the Social Science (SPSS 17.0) software using One Way Anova and *Post Hoc* Test, with *P* value ≤0.05 being statistically significant.
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Maximum patients with ED were between 20 and 40 years (40%) and minimum above 60 (26.7%). Maximum patients with OSCC were between 40 and 60 years (53.3%) and minimum between 20 and 40 years (20%) \[[Table 1](#T1){ref-type="table"}\]. Maximum patients with ED and OSCC were males (93.3% and 80%, respectively).

###### 

Age and site distribution of epithelial dysplasia and oral squamous cell carcinoma
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The most commonly involved site of ED and OSCC was the buccal mucosa (66.7% and 46.7%, respectively). ED was also noted in the retromolar area (13.3%), labial mucosa (6.67%), palate, and tongue whereas OSCC on palate (33.3%), retromolar area (13.3%), labial mucosa (6.67%), and tongue \[[Table 1](#T1){ref-type="table"}\]. The maximum MN count/500 cells in OSCC group was 11.93, in ED was 4.0 and was minimum in the control group at 1.46. The mean of MN count/500 cells value of the three groups (control, ED, and OSCC) were, respectively, 0.51, 1.19, and 1.83, the difference being highly significant. The distribution of mean MN index ± SD was 1.46 ± 0.51, 4.0 ± 1.19 and 11.93 ± 1.83 in control, ED, and OSCC, respectively, the differences between them being highly significant \[[Table 2](#T2){ref-type="table"}\].
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Comparison of mean MN index between control, epithelial dysplasia, and oral squamous cell carcinoma
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Maximum patients had mild ED (46.7%) and minimum had moderate ED (20%). Maximum patients of OSCC had well-differentiated OSCC (60%) and minimum had poorly differentiated OSCC (6.67%). The distribution of mean ± SD of MN count/500 cells in different grades of ED was maximum for moderate ED (4.6 ± 0.57) and minimum for mild ED (3.2 ± 0.83), showing significant difference between mild and moderate ED (*P* = 0.0369) \[[Table 3](#T3){ref-type="table"}\]. The distribution of mean MN count/500 cells in different grades of OSCC was maximum for moderately differentiated OSCC (13.2) and a high significance was found between well and moderately differentiated OSCC \[[Table 4](#T4){ref-type="table"}\].
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Mean MN count/500 cells grade wise in epithelial dysplasia
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###### 

Mean MN count/500 cells in grades of oral squamous cell carcinoma
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Oral carcinogenesis is a multi-step process of accumulated genetic damage. Cytogenetic markers like chromosomal aberrations, sister chromatid exchanges, and MN can be conveniently studied in the buccal mucosa in a minimally invasive manner, in easily accessible tissue and preventing undue stress to patients. It is being increasingly used in molecular epidemiological studies to investigate the impact of nutrition, lifestyle, genotoxin exposure, and genotype on DNA damage and cell death.\[[@ref11]\]

MN assays are preferable as they do not require tedious procedures of cell culture and metaphase preparation. Also, as it is applicable on interphase cells only, it is the best indicator of mitotic interference and chromosomal mutations or breakages. It is noninvasive and very economical.\[[@ref12]\] MN were first introduced by Boller, Schmidt and Heddle in early-1970s as simple methods of detection of genotoxic potential of mutagens after *in vivo* exposure of animals using bone marrow erythrocytes.\[[@ref12]\] The frequency of MN is now extensively used in exfoliated cells, molecular epidemiology and cytogenetics as a biomarker for chromosomal damage in patients exposed to genotoxins or bearing a susceptible genetic profile.\[[@ref13]\] Bigger MN result from exclusion of whole chromosome (aneugenic effect), whereas smaller MN result from structural aberrations (clastogenic effect).\[[@ref5]\]

Maximum patients with OSCC were between 20 and 40, indicating that the risk of developing multiple OSCCs was higher in younger people, although the clinical and histopathological features and prognosis in all age groups have been shown to be similar.\[[@ref8][@ref14]\] OSCC was considered to mainly affect the elderly but recently there has been a shift toward younger age at diagnosis with 17% of patients within the fourth decade of life.\[[@ref15]\] Male predominance of OSCC was in accordance with literature that OSCC affected males more frequently than females (M:F = 1.5:1)\[[@ref8][@ref16]\] probably because the former indulged more in high-risk habits than the latter.\[[@ref14]\]

The most common site of occurrence of ED and OSCC was the buccal mucosa, labial mucosa, palate, tongue, and retromolar area whereas in OSCC it occurred most commonly on buccal mucosa, labial mucosa, tongue, retromolar area, and palate as seen earlier.\[[@ref15][@ref17]\] The ubiquitous involvement of the buccal vestibule is contributed to it being the preferred site of placement of betel quid in most patients.\[[@ref5]\]

Comparison between controls, ED, and OSCC of mean MN count/500 cells showed highly significant difference (*P* = 0.000).\[[@ref8]\] The mean MN count/500 cells in 20 cases was 83 ± 1.593. Mean MN% ± SD were 1.843 ± 0.467 in 30 cases of OSCC and 0.210 ± 0.168 in 20 cases of control group, in accordance with prior studies.\[[@ref5]\] MN count/500 in control, ED and OSCC groups were 22, 60 and 179 respectively, in accordance with that seen in literature.\[[@ref8]\] The MN frequency in controls was significant and similar to those in earlier studies with *P* \< 0.001 and those in OSCC with *P* \< 0.05.\[[@ref5][@ref8]\]

The frequencies of MN were increased by almost twofold in the premalignant group and more than thrice in the malignant group, when compared to the control group. The mean MN in 13 controls was 21.38 + 6.09 and in 13 OSCC cases was 143.61 + 47.365.\[[@ref18]\]

The highly significant difference in mean MN count/500 cells between control and ED, control and OSCC and OSCC and ED (*P* = 0.000) indicates the importance of MN evaluation for prediction of genotoxicity. The mean ± SD of MN count/500 cells in different grades of ED showed statistical significance only between moderate (maximum mean MN count) and mild ED. The mean ± SD of MN count/500 cells in different grades of OSCC showed high significance between well and moderately differentiated OSCC (*P* = 0.004). The micronucleus frequencies have been found to increase from grade I to grades II (*P* \< 0.001) and III.\[[@ref5]\]

PAP, a multichromatic cytological staining technique,\[[@ref19]\] was used for multiple comparisons among the different groups, being the easiest and most preferred method in field studies for scoring and detecting MN in the cells of the buccal mucosa for the diagnosis of malignant neoplasms.\[[@ref7][@ref8][@ref20]\]

The gradual increase in MN frequency from normal mucosa to precancerous lesion to carcinoma has suggested a link of this biomarker with neoplastic progression. Assessment of MN in exfoliated cells is a promising tool for the study of epithelial carcinogens.\[[@ref10][@ref21]\] The minimal invasiveness of cell collection, low cost, ease of storage, and slide preparation make the MN assay with buccal epithelial cells the ideal choice for molecular epidemiological studies. High reliability and low cost of MN technique contributes to its success in acknowledgment of genome damage and can be used for the early detection of carcinogenic effects in cells exposed to carcinogenic agents, occupational and lifestyle changes, and dietary factors. MN counts were uniformly elevated in all histologic grades of OSCC and ED, suggesting a strong correlation between cytogenetic damage of the oral epithelium with genotoxic and carcinogenic agents. Hence, the MN assay can be used as a biomarker of genotoxicity (acting as an internal dosimeter for carcinogenic damage)\[[@ref11]\] in predicting the effects of cancer intervention and as an educational tool. However, further studies with large sample size should be carried out to support these findings.

Early detection of premalignant and malignant lesions would improve survival and also reduce the morbidity associated with the treatment considerably. MN assays in oral exfoliated cells represent a preferred target site for precocious genotoxic events during carcinogenesis and are indispensible early markers of chromosomal damage in oral premalignancies and squamous cell carcinoma with prediction of their histopathologic grade. The highly significant difference in mean MN count/500 cells between normal mucosa, epithelial dysplasia, and OSCC thus identifies a feasible and economical method for screening high-risk populations for oral cancer, to be able to timely introduce interventional strategy for the cancer epidemic.
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